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(54) BEARING OUTPUT DEVICE 

(57)Abstract: 

PURPOSE: To provide a bearing output device capable of finding a direction 
free from an error due to inclination, even when the device is not in a 
horizontal state, and further provide such a device capable of showing a 
true bearing. 

CONSTITUTION: A bearing emg corrected for a measurement error due to 
a non-horizontal state is calculated by use of two types of earth magnetism 
information X and Y from a earth magnetism sensor 1. inclination amounts a 
and ^detected with inclination sensors 1 1 and 12, and vertical direction 
earth magnetism information (z) obtainable from an earth magnetism 
vertical component output means 13. Also, a true bearing etr is calculated 
and indicated, using a deflection angle value D obtainable fi^m a deflection 
angle value output means 5. 
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c., firfBX:/3a»ai^acci=fbrw:^-rsj:^K:«fiss 
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[0 00 3] m^-=i>-''!:^<i:l/r©<tfi£l3:iai SKmg 

n-s. «■^^3>''^•;^(^i6sala,^^>■^^Sl53 i«:*u> rts 

I [0 004] 

[|feW*«)!?ftOJ:^ it--5P!S] ic^-C. C©J:5^ 

[ooo5]tc5*<. c oimim-HS<Dim-c i>+» 
[ 0 0 0 6 ] sc:&{4tja:&{4<Da-c*4<sft©fii 

m«l 9 90^lcteW4a'J5£T«. (ift©ffl«S 
10 1 4©J:^>>a:»^tt«S<i:«co-Cl,>-S. HI 4»* 

[000 7] c©J: ^ K:<@Affitia^±-Cffl«l«:^^L 
■CC^Sfc*. Wjt«B2|cBF*9©i?^ttir-aW!sW9-Cfieffi 

[0 00 8] S6«:c:©J:^»5:(BftK:j;S»tf ii^sK 
a>^N';^^fflii-5ii-^©WIi<!:br. a"JS^K:=i>-'%-;:^ 

[0 00 9] b-/fiLtj:i}itbC<OJi'ifJ:7li^mmSmit^ 

50 j|/j:ii3g(c^ce.3'.5*»-r. 3>/-<x©$ig<tu-c©-9- 
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gicr>3>/<x-c». CCD J: ^)«:7k¥«}#IS1« 2>C 

[ 0 0 1 0 ] */c. 2 ij^wecttiam^ra'j^-r i t i, 

BSi»*S!£« i ?> . i C -5. *si6®M©i5aJ5S^©fii«Jft 
[0011] 

{aanjgj&iBjflii ft s:3^(ftffl:*»sia*ii3Sb . s ^ k i 

[0 0 12] C©?c«):&fl[tB*«a'&. *ip©2iX7C* 

tt*fii7n*S-r«7jT-rsJ:^' Kiss's. mmMJ^^ 
iS«K:I£;D-clSitt*l^a©«!!5ttattfR?:^Hl■r■5SP^4<i: u 
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[0013] 3 hix.if&mtmmt bx. ±i5«fi£«:*j 

[0 0 14] 
[0015] 

30 [0016] [fiBD&a-fe >•!?■] ?a:&i4-b>i^©«jfi^R 

cjfsbfp^ia 1 0 ~ia 1 3 raftiB-r .s. la i o imu^-b 
-en^njtn*^ i /4 >i^t«eK:?^fiicsnfc4o©^«i4 

ft3TT» . T, . T, . T4 *iRJS:^lSj{Ciea34at: 

-tl/T. S«iaii»3TT, . T, . T, . T, 
©raK:«B'f^^©=*^+ . G, . G, . G, ifiB 

[0 0 1 7] Sfc^SaEtt«J3TT, . T, . T, . T 

, iammm:3^>\^cifimi^^tixisK). cnKjc^-c 

40 =¥+f7'Gt . G. . G,. . G, iCitm'PUbi.LXm 

■6. =fl'-^:^G, , G, . G, . G4 fcl>-C». -'N'-fT 

MR,,. MR... MR,,. MR,,*sffi3nS. MR-fe> 
1^MR„. MRx.«X$Jr3?|Sj«feUiffl<!:3n, itl^tlifi 

>^\^iri>&E.ttj:i,=¥*-yZfGr . G, KEgSnS. 
$/tMRH2>-9-MR„. MR,,BY$4:^l^tftajffliS 

n, •enipn*s*h^-rs&st)tc-54f-»'-^:^G, . g, 

tclBaSn^. SMR-b>1fMR„. MR,,. MR,,. 
50 MRr.tt. 3eSffi.©«liStiffVcc<!:i^-7>KGNDK;g^ 
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R„. MK„iPh\t^<ois.mwp!^Mm.ifihm^x, . 

4. 

[0018] C<Dm^&-^>1f-<0^WEi^*^^ 1 1 tCTT 

MR-fe>-?»-MR„iUr©fflRfi!i^H:«SL/. ffiKR 
,.1 . R... ttMR-fe>-!?-MRx.iU-C©iSlafig^^^CtB 
^•rS. */tt5faR,„ . Ry,, «MRH2>-!fMRY,i 
l/-C©»ISfi£^«:ta^O. taSR,., . Rt.2 l±MR-fe 

[0 0 19] iE-rx$6«:WL/T». HtcS^Ti^KMR 
•fe>-9-MR,xtnc5fitaRxit K:*fL-C5cEn#rSlK:/^-< 
TX«^Hb35rSEW)DS<a. S?fcMR-fe>-9-MR,. itt* 
ataR,,, KiMbXit. ^EPT7i^-rJ:5K::*fiiL-Cl 

8 0' iia*/^-{T>^«i?-Hb*«Enfln3n^.. mtaiK: 

Ytt«:KL.-C«. MR■fe>1^MRT,<i:ft5»^^^R,ll K 

*JL/r^En:;3i^tc/<-fr;^iSifHb*JEpfln$n. *fcM 

RH2>-9-MRr,i^t51StaR„, {CML/Ttt. ^EPrS^ 

rj:^«::^{4iu-ci 8 0' s^cs-'f'f r;^fflE5?-H b 

*SBJttl$n-5>. X««iWSOMR-fe>-t^MRx.. MR,, 
t. Y#t^^lBffl©MR-fe>f-MRT,. MRT.CC^t-rS-''? 
-frxaH^Hb (RU^-Hb) ©rSjtli. "tti^tiQO 

[0 0 2 0] XfiSHUarfftL-Ct*. MR-fe>1»-MR„ 
*>e>©<t#X, iMR-b>t^MRx.*^6©(i#X, *5M 
«ir>:/Ax {cfia&S*x, -eoSftT^r^Ax ©a:*3 

*s. i,>t>«9)5x$itfeaim:^ji^c.2.. ^fcY^ikmm^t 

L/^». MR'te>-!MvlRT,3&i6®<i#Y, iMRHz^t*" 
MRr.*>?>CCXt^Y. *JS6atrT>5'Ar K«*&3n. ^• 

[002 1 ] CCC»i^rj:«fi!E(c*5C»r. MRi2>lJ-MR 
XX. MRx.. MR„. MR„l±. m9K>ym&<X.J:f)mtn 

mifi^it-ri>ms\.^immim^-ci^i>fcif>, sio© 
msLUt ©Enj3n:^ri^)«:j£ofcffiii/rSMR-fe>i^MR 

„. MR... MR,,, MR,,35>6fi#Xi . X, . Y 
, . Y. 3&5»6n> C©{i^Xt . X, , Y. . Y, 

6. ife®ia©:^aK:rE:DfcX«i*ifflW:^3. Ymtmm:f3 

xmSL(Dm^i>(D-C$>?>tclt. mtcMR-b>-!fMR„. 
MRx.. MRyt, MRT.©^^t?W^&^tb8!)fP*^?f 

T. . T, . T, ^ 0.3;y'?;^igS©t6e»«:«IWU, 
2£ijK'''C-fr>^fiS^HbiL/-rMR-fe>-9-MRx.. M 
R„. MR,,. MR,,K:ei-5J:^{ci.-Clr>Sfca{>. S 

[0 0 2 2] S12TMR-fe>-t>-MRx,. MR,.. MR 
MRr,©'m4RC^XHi1Slfflta;^. Y«ima:t»?:ff 
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i,fcib(Dm'fmmi^mri>. 01 2©<ttt«MR-fe> 

lJ-(cSiltc}]n*35®^©S3«:^b. *fc«!f4»MR-fe 
>lJ-©ffifrtfii©^<b. S.cfMR^^>•!^tcitt«EaiiS^*^!ftb 
fc«^ia*Stl-5{i-t (X, . X. . Y. . Y, ) © 

[0023] MR-te>if©^<B«. S^-r?.J: ^(Cfil 

4*-y-CtStJifii*ST*«oTV»<. C©J:^>5:MR-te> 
i^tc*iif 4 ffl:^© s /NSiy^*i^±©fci{>K:»>' w r 
10 xei?Hb*ii«K:^cS. {:©/<-rT;^fi8lfiHbt3:. ± 

-c^^?)n?.fc©-c*5. 

[0 0 2 4] Xl4ffl©MR-fe>1>-MRx,. MRx.4«tC 

*lfTX#«^WW:tJilj{'P*lft??1-^.. ±iS©£*iOMR 

H2 >1J-M Rx, tcEnsn s n.5)>''vv T ;^iKif:?3ifii t M R42 > 

iJ-MRx.tcEnJnSriS/^-f TXfiB[|!t:&|Pli«i:«,>K: 1 8 
0- WMbXX,^^. CCr. a®MH. ASEPJiSn?. 
MRH2>-9-MR„. MRx.K:J0t>«»fiSI?©3iSW'X 
20 ©J:^ccnc4. 

MR-fe>-9-MR,, : Hb+H^ 
MR-b>1fMRx, : -Hb+H, 
[ 0 0 2 5 ] ite-^-rjSS^fe-'^-^TXaSflH b «rEI1ft]-r5 
t. MR-fe^.lJ-MRx.tCEntnStl-SailUJHl 2©®-C 
^•TJc^CC^'ffcL. cntCi-^rMR-iz^l^MRxj^Pe) 
©ft-^X. ib-C{3:atj3®<!:L/t:^-rJ:^&SE^^t*5 
aj*$ti5. *?i:MR-b>-»?-MRx,«:EnJPStiS«ll« 
S 1 2©®t?7nTJ:^K:^{tL.. cntcJ:ot:MR-fe> 
1>-MRx«*>6©e#X. <!:L/-Ctt|S|tf®iL/-r5K-rJ:^ 

X, m®) ©Hi:'3ML«. fp-^Hi i«:4sW€.^r 

-&fc©-C*S. YI4K:-Pi,i-c4)PI«©8iif'F-CYl4^mta 

[0026] ci\ho:>m&<mtvx<Dxmikiiimti. 

-etiHe sine. He c o s eicibtNi-^. se-otr, 
misicf3&.e^t'?xtii:fom&.i-:fuy h-r^t. xm 

;^»SOfYai;t)l3:0l 3OJ:^Kft0. c©xai;^jRUfY 
[0 02 7] fqi-^. xm:f3£Yai*©ltx/YW. 

(bifiHt sine. c o s d K.itmnctifi>i>. 
s i ne/c o s et?^to-rci*ST?#. fiE-^r. 
X/Y= s i n e/c os0=tane 

e= t an-' (X/Y) 

(tcfcL. 0' £6 £180' ©ttX^O. 18' < 
e<36 0' ©<!;#X<0-C*4) tL"C. i&«t5,Ht 

©:^{4e?:^m-c#5. 
50 [ 0 0 2 8 ] [ I? 1 ©SUfefH] PJ^lifeLh© J: 5 <r*6Sa 
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-tJ-as 1 K M^a^gP 1 2 . iSaaA^SP 1 S^ii^lt^Q 

[0029] i6fia»-b >1f 85 1 ilBLfc 2 ;X7C©!II 
a«« (Xtt. Y$4) lC-:>C^-r©i6?lM«^Hl?:tf?£5t1& 

•^«*«Cctt. JbfB©0= t an-* (X/Y) 

[ 0 0 3 0 ] /c^cl/, 5tt^<a©ajSi52 «:««I4»#S|J 1 
2-c»tas*i?tfitt4fii. il!i««A*aiJ3*>6Ul:tiStiS 

[0 03 1 ] «l4-te>-9-SP 1 1 »> F!l^«Smtt<Dffi<* 

[00323 C<DfflM•fe>•i^SP 1 1 5&>6<D«^Hm-^»M 30 
<DX$fti*¥ffiiOM(C^D'rt^S*I«4«Sa«!:, SSI 

[0033] $/d&&s^i§^^z mmxtiU 1 
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•5. 

[0034] a:*e#m»2»a:coj: ^{c. a5aa-fe> 

1*-a51*i?>©<t#X. Yii4.«;, MI4j^»a5*^e.©M 
^ftSa, /3. RUfiS5amA:^SiJl 3*>6©am5liBia 
z 4 ffl u-c , al|5e*i|^*^1^-c^T^t t>tvk. tL-c 

fc^c C ©SflE*& 0 m g ©gtWttflFtt'X© J: 5 R:?f & 

[003 5] *¥*>e.«t^fe«t«r©:^a©itiEm 

c<DX' mtim^^^f V)\'t<o!SrrnAtii, 
[003 6] $r. ^^■^9 hii'SJK^Kffljesnfc 

i|ft*fM«§S*s (x. y. z). iae^-b>1fa5l K:J:S 
i!»JE6«3S*s (X. Y. Z>-C*4<br-&. Xtt©@0 
(CaBIES-e-SffiSl^jcior. Y««:*¥ffl(xy 



Jl/ (X. Y. Z) tt. (X". Y 

tiirxcy (»i ) -c^tosti-s. 
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0 

cos(-a) 
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sin(— a) 



-sin(-a) cos(-a) 



10037 ] •-XiCYUom*}iC0Wmi-^. Xtt**¥ 
Wic^irt. mWSh <X". Y". Z") 
(X' , Y' . Z" ) Ctltty^© (82 ) 

[fS2] 



'X'' 
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Y' 
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_ sin(-/?) 
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coa(->^ _ 


z- 



seo-c±ia («i) (»2) 

[|g(3] 



"Jc"' 
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0 
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I 
0 
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1 0 0 
0 cosa -Bin a 
0 . ana cosa 



[ 0 0 3 8 ] C C-CX' Y' ^ffitt> 7k¥®-r^cbfeffi 
*fffi^©x y Office— ScO-Cl^S/cJi). Z' BteMffi 

«iS'c©«!nam'<i' h;i'©zfiR^4-scr4fr5i. 
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<b%5. a£-3-c*e>36iD*j®sam©zfig^*5fc*>-3Ti» 

SlS-C©Z©ffl*5. X. Y©fii*»e.iie-Ct.5C<!:K:3a: 

[0 0 3 9]r«tto^. Z" {C-3I,>T». 
[»5] 



n 

Z'^-XSinfi* YCosfiSina+ ZCosfiCosa 

AT -5 4. ZCDfflW. 

Z = (x+ XSinfi-rCosfiSina) 

CosfiCosa 

3) Ktew-sx. Y©fii», iip%fiasi-fe>-!fai*>6m 
:^33ns<t-^x. •fi-^Y©«i-c4>s. 
[0040] c ct:«I*«k:. Ife^Hil**©*^®!^^? 
0»5a«,'<i' h^VfiX^t. ?il3tS*afcX©fii (fi-^X) 

gtt. X' . Y' <om^*)-m (a?) -c**6n5. 

^^=arctan^-|7j 

[004 1 ] JU±©SI»{C*SI.»-C. ftSEa. /3»«^a8 
#8151 2*>P,«t&§n> */dfi5ia©zl5S^©fiHi. i6 

88SUJ3Sf 1 3*i6ett&sni*>©-cA«>fc*. mn&. 

warn 2 tc45l,>r±IBSIff i ft t> . S£ o -Ctt 

[0042] c©j: ^tc^^w-ctt, «*a»m2 
ffe.n. cn*5:^{4^7ra54-cs^5*i2>fcs!>. c©s 
Stta < a 0 . -^s 9 s!i3e«**a93©^©*^«ai^R:m* 

©1tiEtffit«:1f «c ^ jii«tt & < ifi ») . (c:^&tW* 

[0043] iite, c 0mM9i-c\tmm.mmj^^z ^ 

S»(cA:^-r S fc© i -r S li*>. lfeT8SlA*>2P 1 3 k: jt 
^yifciBBorfct. jt.-if-*sig%m^i9B:fiS^z 

©^^K:fcW2»a— tf-©A:'3©#PaKa < $ 

rc. flkiasiiSii:RJc»z©s^t5i6«t?ieffl-r4»^tc 
». -?-©ttK:i5c-tWA;^>-e*i interna. 9- 

[00443 [^2 ©HJSWi] 2|s:^?§©^ 2 ©XJSpji 
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ISte«l©itt?^K4ii»r. i!i?«iS©^^i0-©filfiRS 

©^jfi^»» 1 <DmMm(ommcm^xmnmK)3^ 
5. *;:frto»iiiSi53*<i^sfc©-c, cntcjco-c^^* 
WmJ:4S15EMII©«?rg/c»-ca < . SfttcASad 

j^siWrSL/v ia0±©:;?at-ar*jt:sfiL%n-iii 
•r # ^ J: 5 K-r 5 ©-c* s o 

[0045] <iftfiiA:t>gP5 »ff9itfa«i*A^-r 5 C 
10 tifi-C^^Wf^K^J'^-^m^X^*). 3.— tf-*MBft 
fflD^A^'J-CtSJl^KStx-CI-s^. OSO. :x— tf- 
tt^lffl^K. •?-©iS6fl9ift«JC*jW.5®AfflDS:A:*J-rS 

ciK^t-s. sfc. ?a^fii[fftBa52*»6». ±ia»i© 

A*8IJ5*>e>©«ftfflDfcK^fi[»UjaJ3M:fi«&3ni 

cicc^t^. K:^ffisaig|J3-cB, ■Kif&$nfcas:^fi[0 

20 a^3iJ4«^-r4. 

[0046] mnt\s.%-j3^e t r ie^fitemg©^ 

-C*«5. •€-©K<^«m«a9©«fc'5K:)a:«». V>S*ttiS 
±©:|t*Ntr. 5ad^fitLTO**Nmg<bL.. 
m^:i>>'-J:^-r0*©SW:^{c-Pi»-ritSij-r^i. tg 
:^fiSCfflSi52r»[a3*a-5tt»{40me<i:L.-C7 0° i 

btti>M-^3^6 \.T\tl 0' %J]a* 
/c«i'C*-&6 4' iJi^,. 
30 [0 04 7]S*te»a«|53-Ctt. «*ti0nigi«ft 

fiiDASA:^3n.SCi{c^t5Ai. ia9*>6S^3n2>-i: 

at r*ffSCi*J-C#S. ■ei/T^t:^ti»ffiSP3-c» 
HJ3nfcX:fr&0 t rli:&{4^^S|54K:«J&3n. :i- 

[ 0 0 4 8 ] C©J: 5 tc4:|ISItWf»3.-1f-«-€-©i!!l 
3£aJ|{(cfetf5f@ftffiD*A*L.-rfcWlf. aicejt^tt 

n-ct,»ifc&. c©iiife0»i©^^3>-'-f::^KJ:»3»J3e-r 

tiK. iW3£«(i*^*fjE(mi«ftftiEflP3S©M:fr*«^ 

|!«:ft6*>©-e*-5.. 

[0 04 9] ftfc. C©^ifef«lftt«ftffiD^:J.— !f- 
3!»»A*-r*J:5tCbrt»-5*«. fc»J3£StC A^j-r 

-&J:^K:1»fiS;-r?>'i:>S«ft<, ■(@ft{iiA:^SP5«:y^'; 
^WS.LX%sfS. :3.-1f-3&ilSfflA«lD4A*Lfc 
50 6. *n%gB«L.-c: JWI«tt^©iB1g3nfc<BftfiD* 
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[0050] [113 ©^W] :^mm<D^ 3 ©51*6^4 
ft:SS-7-3>/'5;^©«tfiR?:03K:7i^T. c©IIJf6^{i» 
1. ^2©||J6WtS^d:0. ^— !f-*i»aamiSKfiRi^ 

[0 0 5 1 ] c©*i^. 3.— !f-©fii<'pg|5i ur. 
i«ftfiD«:f2teSB8K:*sl>r«^f!?L/. S8*lB3nfcJft 

snfc«ftfiiD%Ji:&fi[Stti}a53 K:«*&-rs c^k^c 

[0052] C<Di*^&m&S ^iL(fROMX»R 

AM©>* b trusts iSi^sJftKfcws^ 

[0 05 3] •ebTC©J:^K:lfeamj8fftER^z ifflft 

liiEs 3 6 (cM-^m^\m 3 -cs:&ti e t r *s»a 

4. 

[0 0 5 4] *cfc. C©|yfefl?d©^t?8<l:L/r. i^S/ 

iga€rA;^-r?.©-rtt>i<, mji«i«*A:^-r^>j: ^ 
jss-ji-ciaja^efiK^z. (iftfiiD4iBig$#-c*jw 
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